Soil carbon (C) and nitrogen (N) storage in grasslands is a function of litter and root mass production. Research on how annual grasses compare with perennials for above ground and below ground mass production, and contributions to the soil C pool under pasture management is scarce. The objective of this research was to evaluate grazing intensity effects on litter and root mass, C and N pools of perennial grasses, smooth bromegrass (Bromus inermis L.) and meadow bromegrass (Bromus riparius Rhem.), and the annual grass, winter triticale (X Triticosecale Wittmack). Litter mass and C pool for the perennial grasses were greater than those for triticale. Litter C and N pools generally decreased with increased grazing intensity. Root mass was greater for the perennial grasses than for triticale at all grazing intensities. Meadow bromegrass generally produced more root mass than smooth bromegrass. Root C and N pools for triticale were 31 and 27%, respectively, of that for the perennial grasses. Estimated total C contribution (roots and litter) to the resistant soil organic C pool was 1.5 times greater for light compared to heavy grazing.
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Total C (litter + root) contribution for perennial grasses was 2.7 times greater than that for triticale. Perennial grasses provided a larger litter base and root system that promote greater storage of C in the soil compared with triticale.
Key Words: annuals, organic C, perennials, total N, sequestration Grazing has a major impact on litter, roots, and soil characteristics. Litter herein refers to all dead (standing and fallen) plant material above the soil surface (Naeth 1988) . Litter reduces soil erosion by reducing runoff and improves soil structure and fertility through addition of organic matter (Naeth 1988) . Bare soils are more susceptible to raindrop impact and aggregate break down which can lead to surface sealing and increased erosion. Litter is especially critical at snowmelt and during intense rainfall events that can potentially remove large amounts of surface soil and nutrients (Chanasyk and Woytowich 1987) . The amount of litter in a pasture is a function of forage growth, senescence, harvest and decomposition (Coleman 1992 intensity (Naeth et al. 1991) . Grasslands have the ability to store substantial pools of soil C and N. Grasslands contain about 10% of the world C pool (Parton et al. 1995) . In temperate regions grasslands may release as much as 40% of their C through respiration when they are cultivated and converted to grains and oilseeds (Burke et al. 1995) . This narrows the soil carbon-to-nitrogen ratio (C:N) favoring the release of soil N through N mineralization processes (Wedin 1996) . Perennial pastures and hay crops on the Canadian prairies are usually found as a 2 to 9 year sequence in a forage-cereal rotation (Entz et al. 1995) . During this time they contribute to soil C and N pools and after being broken enhance yields of cereal crops (Campbell et al. 1990 , Entz et al. 1995 . The residue that remains goes into the litter pool and subsequently a portion is sequestered in soil. Initial break down results in large losses of organic C stored under grasslands and annual cultivation exacerbates the loss (Campbell et al. 1990 ). Total precipitation between April and October for 1993, 1994, 1995, and 1996 was 416, 530, to 1996 and at a rate of 900 g ai ha' in 1997, to the triticale to control weeds. No herbicides were applied in perennial grass plots. Residue (all above ground plant material remaining after the last grazing of the previous season) was left in place until spring (end of April) seeding.
All plots were grazed with one-year old crossbred beef heifers. In 1993, unquantifled light grazing was used to reduce forage biomass by approximately 50% on all plots. Beginning in 1994, up to 8 animals were placed on a treatment at one time, depending on the intensity of grazing desired.
Water was constantly available to cattle so as not to disrupt grazing habits. Grazing events lasted usually less than 24 hours.
Forage height was used to define grazing intensity. Grazing started when forages reached a target maximum and ceased when a target minimum height was reached. Target heights varied among species and were set according to the species morphology, the desired amount of litter and the amount of bare ground deemed appropriate for that treatment.
Forage heights were determined using a diskmeter (Bransby et al. 1977 ) and the average of 10 disk heights was calculated. The diskmeter was used in this case to maintain consistency in assessing forage availability. For perennials, heavy, medium and light grazing was initiated at 13, 17, and 26 cm and stopped at 6, 5, and 7 cm, respectively when averaged over all grazing events within a year. Comparable figures for triticale were 11, 12, and 21 cm on entry and 3, 4, and 6 cm on exit of animals from heavy, medium and light intensity grazing. Perennials were grazed 7, 5, and 3 times and the annuals 4, 4, and 2 times for heavy, medium, and light grazings, respectively within the 3 study years. (Smucker et al. 1982) pool, litter N pool, root mass, root C pool, and root N pool were conducted using a split-split-plot design repeated across years. Grazing intensity and species were main plot effects tested for significance using replicate within (grazing X species) as the error term, years were a subplot effect tested with replicate within years as the error term, and the interactions were sub-subplot effects tested with the residual error (Steel and Torrie 1980) . Where the F-test indicated a significant (P _< 0.05) effect, means were separated by calculation of least significance difference (LSD) using the appropriate error mean squares (Gomez and Gomez 1984) . Litter mass in fall was greater for perennial grasses than for triticale whereas in spring litter mass for smooth bromegrass was greater than that for other species (Fig. 1) . Averaged across years, litter mass in fall for triticale was only 48% that for perennials whereas in spring it was 78%.
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In both spring and fall, litter mass decreased with increasing grazing intensity (Fig. 1) . Heavy and medium grazing had average fall litter masses 53 and 64% that for light grazing, respectively. However, in spring, litter masses for heavy and medium grazing were 39 and 59% that for light grazing, respectively.
Differences in litter C pool among species were evident in fall of all years. In all years the C pool in fall was greatest for smooth bromegrass and smallest for triticale whereas in spring litter C pool differences among species were low and inconsistent (Fig. 2) . In spring, litter C for triticale across grazing intensities was 72% of that for perennials, and litter masses for heavy and medium grazing were, respectively, 36 and 57% of that for light grazing. In general, the litter C pool in both fall and spring decreased with increased grazing intensity (Fig. 2) . In 4 out of 6 cases the C pool of the heavy grazing treatment was less than 50% of that for the light grazing treatment.
The litter N pool in 2 out of 3 years was greater for perennials than for triticale, with smooth bromegrass having the largest N pool of all forages and triticale having the smallest (Fig. 3) . Litter N pool in spring for triticale was 71% of that for perennials. In fall, the heavy grazed treatment had a smaller N pool in litter than the light grazed treatment whereas the N pool of the medium grazed treatment was intermediate. Furthermore, heavy and medium grazing litter masses were 41 and 62% of that for light grazing, respectively.
Litter C:N ratios ranged between 13:1 and 16:1 and were similar among forages in both fall and spring (Fig. 4) . The litter C:N ratio in fall generally decreased with increased grazing intensity. For spring, litter C:N ratios for heavily grazed forages were lower than that for lightly grazed forages in 2 out of 3 years (Fig. 4) (Table 1) were similar. The majority of root material (52 to 60%) existed in the upper 15 cm. Root mass of triticale was always substantially less than that of the perennial grasses throughout the soil profile (Table 1) . Root mass of the perennial grasses was 2.6 to 5.2 times that of triticale within grazing levels.
Grazing intensity affected root mass of the species differently (Table 1) . Over the 60-cm depth and within the 0 to 15-cm depth root mass of triticale was unaffected by grazing intensity. Root mass of smooth bromegrass maximized at the medium grazing intensity for the 0 to 60-cm depth interval and decreased between medium and light grazing intensities for the 0 to 15-cm depth interval (Table 1 ). By contrast root mass of meadow bromegrass increased from medium to light grazing intensity for the 0 to 60-cm depth interval and for the 0 to 15-cm depth interval (Table 1) Means within column and depth increment followed by different lower case letters indicate significant difference among species within grazing intensities (Least Squares Means, P <_ 0.05).
Means within row and depth increment followed by upper case letters indicate significant difference among grazing intensities within species (Least Squares Means, P < 0.05).
Grazing intensity Light Medium Heavy
N pool for meadow bromegrass increased up to the light grazing intensity with the heavy grazing intensity 75% of the light. The widest range among species for C and N pool size occurred at the light grazing intensity. At this grazing intensity, triticale and smooth bromegrass were 20 and 81 %, respectively, of meadow bromegrass for the root C pool, and 28 and 85%, respectively, of meadow bromegrass for the root N pool.
Significant variation was observed among species and from year to year for was a trend for triticale to have a lower bromegrass, but the difference was only C:N ratio than smooth and meadow significant in 1997. The year-to-year dif- Table 2 . Carbon and nitrogen pools in roots of annual and perennial grasses subjected to light, medium and heavy grazing. Litter mass, Litter C and N Pools
The benefits of litter through improved soil structure and infiltration as well as decreased raindrop impact, runoff and evaporation have been reported widely (Willms et al. 1986 , Naeth et al. 1990 ). In our study, accumulations of litter were strongly influenced by grazing intensity as well as plant species and year. The This result has been reported for other grasslands (Rhoades et al. 1964) including grazed lands in Alberta (Naeth et al. 1990, Dormaar and Willms 1992) .
Treatment differences in the C and N pool of litter were most clearly expressed in fall. Responses in litter C to grazing intensity were clear with light grazing always providing more C than heavy. The seasonal differences in the carbon content of litter under each grazing intensity may be partly due to freezing effects (loss of cell contents) over winter. Furthermore, a concurrent study conducted on the same plots indicated that annual runoff was dominated by snowmelt-induced runoff, averaging 98, 84 and 86% for the light, medium and heavy grazing, respectively (Gill et al. 1998) . This implies that the physical loss of litter could have occurred during snowmelt in spring resulting in reduced litter and litter C pools compared with pools in fall of the previous year.
Quality of litter is reflected in the C:N ratio and lignin contents. Ultimately soil C and C:N ratio will reflect litter and root characteristics that influence decomposition rates (Wedin and Tilman 1990) .
Because the rate of microbial decomposition is related to the C:N ratio, it is expected that the proportion of C and N reaching the soil would be proportionately less than that indicated by C and N pools from litter. The lignin content controls the split of litter into structural and metabolic material. Most of the structural material (70%) with high lignin is stabilized in the soil while very little is found in microbial biomass (Parton et al. 1987). rates are greater in root material with low C:N ratios (Whitehead 1995) . In a similar environment Walley et al. (1996) reported an average root turnover rate of 1 year for alfalfa and meadow bromegrass. Root Mass, Root C and N Pools Root mass is expected to decrease with increased grazing intensity (Briske 1991 In this study the perennials consistently had 3.7 times the C and 3.3 times the N pools in the root material compared with triticale, possibly because perennial roots include both live and dead roots whereas triticale had mostly live roots. Turnover of root material is an important consideration in determining the annual contribution of roots to the soil C and N pool. Roots of triticale were produced annually, and annual cultivation would increase the rate of decomposition of dead roots in the surface layer. The turnover of perennial grass roots is more difficult to assess because management level can influence lifespan of roots. Grazing, cutting, and fertilizer application, tends to shorten the average turnover period (Whitehead 1995) .
Lifespan of roots may vary from 4 to 6 weeks to up to several years in shortgrass prairie (Whitehead 1995 Veen and Paul (1981) , 50% of the litter produced annually on native grassland enters the soil. In cereal grasses 80% of the litter that enters the soil is easily decomposed while the remaining 20% is more resistant to decomposition (Jenkinson 1977; Parton and Rasmussen 1994 ). An estimated 63% of the root C is easily degradable with the remaining 37% forming part of the resistant soil organic matter (Van Veen and Paul 1981) . Using these percentages the estimated C contributions from litter and roots resulted in total C contributions to resistant organic C of 1,210, 1,550, and 1,810 kg C ha' for heavy, medium, and light grazing, respectively. Over the same period (i.e. 3 years), the total C contribution to resistant soil organic C was 2,608 kg C ha' for perennials compared to only 962 kg C ha' for triticale. However, these estimates are simplified because they did not take into account factors that make C contribution estimation more complicated, such as yearly cultivation of annual species and lignin concentration.
Within the top 30 cm, total soil organic C did not change significantly over the period of study (1994 to 1996) and was not affected by grazing treatments (Baron et al. 1999) . Average soil total C concentrations over the 0 to 15-cm depth interval were 5.3% in 1994 and 5.4% in 1997, which is equivalent to 74 and 75 Mg ha' C, respectively. This observation is consistent with findings on Black Chernozems with high organic matter content (Campbell et al. 1991 ).
In conclusion, increased grazing intensity resulted in smaller litter C and N pools. A similar trend was observed for root C and N pools. Both litter and root mass, and litter C pool for perennials were greater than that for triticale. Thus growing perennials would provide a greater litter base, greater litter C and root C pools than annuals. Amidst concern about global warming, growing perennial species may potentially enhance C sequestration and reduce net emission of carbon dioxide from agricultural ecosystems.
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